Devices simulating occlusal fissures were constructed from dental enamel and bonded to human maxillary molar teeth for 3 weeks. Facilitation of in vivo caries research in humans is the long-range goal for this model system. In the present investigation, microbial compositions of plaque in the fissural space of the model and natural fissural plaque from teeth bearing the devices were compared. Plaque from models constructed from either bovine or human enamel was also compared. In addition, microhardness of the enamel surfaces was examined before and after oral exposure. Plaque in both bovine and human enamel models differed significantly from natural fissural plaque in several microbial categories. Differences appeared to be related to the increased accessibility of the deep fissural contents of the models. For example, levels of the aciduric Streptococcus mutans and Veillonella species were higher in the models, although levels of a salivary inhabitant, Streptococcus salivarius, were lower. Plaque in bovine and human enamel models was similar, and both models showed significant decreases in enamel microhardness after oral exposure for 3 weeks. The model system should be useful in caries research in that carieslike activity was simulated within a relatively short period of time, and the fissural space became colonized by high levels of cariogenic bacteria.
Dental pits and fissures remain the most caries-prone sites in the mouth despite the significant reductions in tooth decay observed worldwide within the last two decades (2) . Dental plaque in these sites has not received adequate attention by caries research because of, presumably, the poor accessibility of this ecosystem to sampling and experimental manipulation. Further, longitudinal microbial studies of natural caries in fissures in humans have been limited by the lengthy course of the disease and the inability to control important environmental variables such as diet and oral hygiene and experimental variables such as measurements of early caries.
A major necessity for this type of research, therefore, is an experimentally versatile model system for studying fissural dental plaque. Successful microbiological and electron micrographic studies have resulted from the use of mylar fissural inserts fixed in molar restorations (5, 14, 15) . Their use, however, is limited by their unnatural surface and the lack of provision for caries detection. An elaborate model devised by Theilade et al. (16, 17) , consisting of autogenous third molar fissure segments implanted in molar restorations, produced valuable microbiological information; but, being highly complex and lacking provisions for early caries detection, it is also of limited experimental value.
The objective of this investigation was to evaluate by microbiological criteria a fissural model consisting of small enamel cubes which were arranged to simulate an occlusal fissure (10) . This model was bonded with a dental acrylic restorative material to buccal surfaces of maxillary molar teeth. Another version of this system, which was tested in caries-active children, allowed retrieval of fissurelike plaque containing high levels of cariogenic bacteria and measurement of enamel decalcification after oral exposure for 21 days (10) . The latter devices were implanted in steel crowns on teeth which had received endodontic treatment. The present system was designed to be used in mouths without * Corresponding author.
restorations capable of receiving enamel implants. Induction of carieslike activity, consequently, could be attempted in individuals who had a low caries experience. An additional experimental objective was to compare bovine and human enamels in the model system.
MATERIALS AND METHODS
Fissural inserts. Enamel cubes (1.5 mm3) were sectioned from polished enamel surfaces with a thin-sectioning machine (Hamco Machines, Inc.). The dental material was autoclaved in distilled water. Bovine enamel was derived from two central incisors from one animal. Human enamel cubes were sectioned from nondiseased third molars from one subject. Two cubes were positioned in such a way that a fissurelike space was created between the flat enamel surfaces of two cubes. The cubes were separated by a metal strip (0.2 mm thick) and encased in a thin layer of cyanoacrylate cement (Elmer's Wonder Bond). Removal of the strip created a fissurelike space of dimensions similar to those of natural fissures (Fig. 1) . Microhardness of the surfaces which lined the fissure was determined before oral exposure by using a method described by Koulourides (4) , with a Tukon microhardness tester. The small size of the model made possible implantation in a variety of dental restorations or fixation to untreated dental surfaces. In this study, the inserts were fixed to the buccal surfaces of maxillary first molars by the following method. (i) A light-polymerized acid-etched composite resin (Visio-Dispers; ESPE-Premier) was bonded to the enamel. (ii) A box with the approximate dimensions of 3.0 mm3 was prepared in the resin with a rotating dental bur. (iii) The insert with metal separation strip in place was cemented in the box preparation with a polycarboxylate cement (Durelon; ESPE-Premier) with the fissure facing buccally. (iv) The metal strip was removed after the cement hardened (Fig. 2) .
We evaluated 15 inserts in 11 dental students and 2 dental faculty members at the University of Maryland Dental School. All subjects practiced good oral hygiene and had Wonder Bond cements were found to be nontoxic to oral bacteria in preliminary studies using an agar diffusion technique (10) .
Cultural methods. Each insert was removed as a unit, placed in 0.5 ml of reduced transport fluid (6) , and introduced into an anaerobic chamber (Coy Laboratory Products, Ann Arbor, Mich.) (1) where the two cubes of the artificial fissure were separated in the collection vial by using a sterile wire inoculating loop. Plaques on the enamel surfaces lining the fissure were dispersed by sonication with a cell disruptor for 10 s (Kontes Co., Vineland, N.J.), serially diluted in reduced transport fluid, and plated on nonselective blood agar (MM10 sucrose blood agar) (6) which was incubated both anaerobically and aerobically in 10% carbon dioxide in air at 37°C for 7 days, and on the following selective agar media: (i) mitis salivarius bacitracin agar (3) for Streptococcus mutans; (ii) veillonella agar (Difco Laboratories, Detroit, Mich.) for Veillonella species; (iii) Rogosa SL agar (Difco) for lactobacilli; (iv) actinomyces agar (20) for Actinomyces species; (v) crystal violet erythromycin agar (19) for Flisobacterilum species; (vi) Sabouraud dextrose agar (BBL Microbiology Systems, Cockeysville, Md.); (vii) mannitol salt agar (BBL) for staphylococci; (viii) Rogosa L agar (13) for Neisseria species; (ix) desoxycholate agar (Difco) for enteric bacilli; and (x) laked blood kanamycin agar (7), modified (18) , for Bacteroides species. Procedures for enumeration and identification of colonies recovered on the media have been described previously (9 presented in Table 2 . Only significant or near-significant streptococci, Rothia dentocariosa, and S. salivarius on values were listed. Natural bovine fissures were colonized MM10 aerobic medium. Human inserts, conversely, harby higher levels of Bacteroides species on selective medium bored higher concentrations of Veillonella species and A. and alpha-hemolytic streptococci on MM10 aerobic medium viscosus on MM10 anaerobic medium than did natural huthan were bovine inserts. Bovine inserts harbored higher man fissures. concentrations of S. mutans and S. sanguis on MM10
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significant, but the increment of the KHN decrease was slightly greater in human enamel than in bovine enamel (90 versus 66, respectively). Human enamel also exhibited a slightly higher initial KHN than did bovine enamel (297 versus 267, respectively). Most microbial categories showed no significant correlation with microhardness change in either type of insert. Levels of Fusobacterium nucleatum on MM10 anaerobic medium correlated positively with the KHN at 3 weeks on bovine inserts, suggesting its preference for plaques with low decalcification potential, although total lactobacilli on selective medium showed significant negative correlation with the KHN of human inserts, suggesting its preference for plaques with greater demineralization potential. DISCUSSION The question of whether bovine enamel inserts are colonized by a microflora similar to that on human enamel inserts was addressed by this project. Our findings showed that both types of enamel were similar in this regard. Of the 92 microbial categories examined, only concentrations of S. sanguis on anaerobic MM10 medium were significantly different (Table 1) . Although a choice of human enamel in this type of model system would seemingly be ideal, variations in fluoride exposure of different human sources could alter the mineral composition of enamel and thereby affect experimental parameters. Bovine enamel which is derived from animals of similar genetic lineage and dietary environment should present less heterogeneity of mineral composition when more than one source is used.
One aim of this project was to examine the association of plaque components with changes in enamel microhardness. Our previous trial of bovine enamel inserts in nine cariesactive children (10) showed a positive correlation between plaque concentrations of S. mutans and total lactobacilli levels and microhardness decreases. In the present study, S. mutans levels were not significantly related to microhardness decrease, but total lactobacilli levels were. The latter correlation occurred only in mouths wearing human inserts. While S. mutans levels in children (10) and adults (present study) were similar, lactobacilli levels were much higher in children. As the adults used in this study had minimal caries experience, perhaps this reflects a more cariogenic dietary environment for the children.
Another objective of this research was to assess validity of artificial fissures by microbiological criteria by using natural fissural plaque as a reference. Our inability to account for deep-living inhabitants in natural fissures limits such comparison (8) but may help explain some of the variations found. For example, the acidogenic environment of the insert may have discouraged Bacteroides species and encouraged proliferation of Veillonella species and S. mutans. The latter organism, for example, represented 23.4% of the bacteria in bovine inserts but was not recovered from natural bovine fissures on the aerobic nonselective medium.
Two categories which are more difficult to explain were high levels of A. viscosus in artificial fissures and R. dentocariosa in natural fissures. A. viscosus, which also appeared in higher levels in artificial fissures in children, has been shown to tolerate and proliferate in an acidic environment (S. Harper, Ph.D. thesis, University of Michigan, Ann Arbor, 1980). Its high levels in the artificial fissures might be related to these activities. However, R. dentocariosa, which prefers an oxygen-rich environment, might not tolerate the oxygen-inaccessible environment of artificial fissures.
Differences between natural bovine fissures and natural human fissures reflected, in part, differences between the insert plaques. For example, lactobacilli and A. viscosus levels were significantly higher in natural human fissures versus natural bovine fissures and were also higher in human inserts than in bovine inserts (Table 1) . In other categories, such as S. salivarius and Bacteroides species levels, the reverse was true. The latter differences emphasize the dissimilarity between the natural and artificial fissural environments.
Although the fissural model system does not perfectly duplicate natural fissures, it avoids some of the experimental limitations associated with other fissural model systems. Plaque compositions were more realistic, and levels of cariogenic bacteria were higher than in artificial fissures in removable appliances (11, 12) . In contrast to mylar fissures (14, 15) and natural occlusal segments (16, 17) , the present system allows quantitative assessment of enamel hardness changes and does not rely on the presence of a restoration of sufficient size to accommodate the insert, as did previous models. The latter advantage will make possible cariesinduction trials in individuals with no history of dental caries. We conclude that the fissural model will be beneficial in dental caries research, since high levels of cariogenic bacteria in artificial plaques were recovered, and major microbial variations from natural fissural plaque were not evident. Further, use of either bovine or human enamel in the model should allow valid microbial and mineral assays to be performed. It 
